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PLATES  IV  AND  V. 
Since this  article was originally planned,  many changes have 
been  made  in  its  scope  and  general outline,  not  only because 
the great amount of study devoted  to the cytotoxins has ren- 
dered  some  of  the  work  first  planned  unnecessary,  but  also 
because  the  opinions  concerning the  cytotoxins,  their mode of 
action,  specificity,  etc.,  have  undergone  many  changes.  Per- 
haps the most radical change of ideas is in regard to specificity, 
many  observers  having  bent  their  energies  towards  definitely 
proving  or  disproving  the  specificity  of  the  cytotoxins.  The 
one  who  has  perhaps  done  most  towards  proving  the  non- 
specificity of  the  cytotoxins is  Pearce,  who,  in  a  recent paper 
before  the  American  Association  of  Pathologists  and  Bacteri- 
ologists,  has clearly demonstrated that the  changes which have 
been  regarded  as  specific  by most writers  are  due to  hmmoly- 
sins and agglutinins;  when these factors, the former in particular, 
are  considered,  the  changes  cannot  be  regarded  as  specific,- 
they are  not  changes in kind, but  are  rather changes in degree 
alone. 
In  the  investigations  here  reported,  an  attempt  is  made  to 
compare several cytotoxins to find what changes they produce, 
and,  if the changes are merely in degree, to determine to what 
extent these changes occur after the injection of different cyto- 
toxins,  and the order in which the degree of the change would 
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place them.  Furthermore, an attempt is here made to produce 
a hmmolymphocytotoxin  and by its aid to throw if possible some 
light upon the physiological action  of the  hmmolymph glands. 
So  far  no  attempt  has  been made to  produce a  hmmolympho- 
cytotoxin and to study the effects produced by it;  in doing so 
an entirely new field is entered. 
Taken for granted that the hmmolymph nodes are organs sui 
generis,  as demonstrated by Warthin  (i), what then is their true 
function ?  Some of the theories may be stated as follows: 
x.  They are hmmolytic, and therefore destructive organs, and 
rid the body of old and partially broken-down red blood cells. 
2.  They  are  centres  for  the  formation  of  leucocytes  and 
blood plasma, and in these respects conservative. 
3.  They  are  centres  for  the  production of large  numbers  of 
eosinophile  cells;  the  granules  arising  from  the  disintegration 
products of red cells  are  taken up by  mononuclear leucocytes, 
the nuclei of which become polymorphous. 
4.  They compensate in some degree for the spleen in case of 
inability of that organ to perform its proper function. 
5.  They are centres for the destruction of leucocytes. 
6.  Since they are  enlarged  in  certain  infections, they play a 
part in the production of immunity and in the protection of the 
body through the formation of anti-bodies. 
The  suggestion  by  Warthin  and  Lewis  (3)  of  a  hmmolytic 
ferment produced by these glands brings forth more strongly the 
possibility that  they play  an  important part  in the production 
of certain forms of anmmia.  In apparent  confirmation of this 
suggestion, Warthin,  in  eight  autopsies  on  cases  of  pernicious 
anmmia, has  found the hmmolymph nodes exceedingly red  and 
hyperplastic and showing signs of over-activity.  One object of 
this  paper,  then,  is  to  prove if possible the presence of such a 
ferment;  for, if it is present, a more hmmolytic serum should be 
produced by the injection of hmmolymph nodes than would be 
produced by injection of  defibrinated blood, diluted to a  corre- 
sponding percentage of red blood cells. 
Throughout this work it will be frequently necessary to refer 
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blood-forming organs.  The  literature  of these  subjects  has  of 
late become so extensive that a  review of it here is impossible; 
some of its aspects, however, have been most excellently reviewed 
in the articles by Flexner (3)  and by Bunting (4)  to whose work 
references will Often be made. 
METHODS  AND  MATERIALS. 
The basis  of the present investigation is that a  specific toxin 
for a  tissue may be formed by the injection of that  tissue into 
an intermediary animal.  Glands were obtained from sheep and 
injected into geese; the serum of the goose, after a sufficient time 
had  elapsed for attaining its  highest toxicity, was injected into 
a  sheep, the  tissues of which were then examined for evidences 
of a  specific toxin. 
In producing the toxin geese and sheep were used, the former 
on  account  of  their  ability  to  withstand  repeated  injections 
without becoming infected,  and  the  latter  because  the  hmmo- 
lymph glands obtained from them are larger and more numerous 
than from the animals ordinarily used for experimental purposes. 
The  geese  received  suspensions  of  glands  prepared  by  the 
method in general use.  Glands removed under as nearly sterile 
precautions as possible were first triturated in a  sterile mortar, 
suspended in  sterile  physiological salt  solution, and  allowed to 
extract  for  twelve  hours;  they  were  strained  through  sterile 
gauze and injected into geese.  The injections were made intra- 
peritoneally at  intervals  of from three to  ten  days  until seven 
or eight injections had been made;  at the end of this time the 
geese were bled. 
When the geese were injected with blood, blood was first de- 
fibrinated  and  then  diluted with  physiological salt  solution  in 
such  quantity  that  the  percentage  of red  blood  cells  was  the 
same  as  that  contained in a  corresponding injection of hmmo- 
lymph nodes, so that the results might be comparable. 
The geese used were as follows : 
Goose 2  furnished normal  serum. 
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Goose 3,  4,  6,  and  i2  each received seven injections of h~emolymph glands, 
extending over a  period of about thirty-six days. 
Goose  7  and  I4  received  seven  injections  of  defibrinated  blood  diluted  as 
above. 
Goose ii  received 6 injections of lymph glands. 
Goose 15 received 8 injections of endothelium. 
Goose i6 received 5 injections of  liver. 
Goose 17 received 5 injections of kidney. 
Goose i8 received 5 injections of spleen. 
(Note.--Goose  i  and  Sheep  i  were  used  in  a  preliminary  experiment  per- 
formed a  year ago, but not included in the present series of experiments.) 
NORMAL  HISTOLOGY  O1~' THE  SHEEP. 
The tissues to be examined were removed from normal sheep, 
fixed in formalin and mercuric chloride, and stained with haemo- 
toxylin and eosin.  These methods were uniformly applied to the 
pathological organs.  Various special stains were also employed 
when  deemed  necessary.  For  the  iron  reaction,  potassium 
ferrocyanide and hydrochloric acid were used. 
Blood.--Counts  of the total number of leucocytes as  well as 
differential  counts  were  made  shortly  before  injection  of  the 
sheep and at varying intervals for four or five days after.  At 
the end of this time the sheep were killed and sections made from 
all  the  organs.  In counting the cells of the blood, the Thoma- 
Zeiss  apparatus  was  used  and  at the  same  time  smears were 
made for dhfferential counts, the latter being fixed in alcohol and 
ether and stained with methylene blue and eosin. 
The  average  leucocyte  count  of a  sheep  is  about  8ooo, but 
varies between the wide limits of from 6ooo to ~  2,ooo per cubic 
millimetre.  The erythrocyte count may also vary greatly and 
still be within normal limits, but averages eight million per cubic 
millimetre. 
In order that  the results  might be comparable, the following 
cells  were  taken  into  consideration in  making  the  differential 
counts,  this  classification  of leucocytes being used by  Bunting 
in his work on the blood of the rabbit: 
i.--Mononuclear Leucocytes, 
a--Lymphocytes, 
b--Large Mononuclears, H:arro  Woltmann  123 
~.--Polymorphonuclear Leucocytes, 
a--Pseudo-eosinophiles (Amphophiles), 
b--Eosinophiles  (coarsely granular), 
c--Basophiles  (Mast Cells). 
The  last are  so  few in numbers in the sheep that they might 
well  be  left  entirely  out  of  consideration.  The  average  per- 
centage and limits of variation as  obtained from about  twenty 
counts from normal sheep may be given as follows: 
Lymphocytes  ............  53  %  4o  to 6o % 
Large Mononuclears ....  8  %  3  to i i  % 
Amphophiles  ............  37  %  3o  to55% 
Eosinophiles  ............  1.7 %  .2 to  8 % 
Mast Cells  ...............  3%  o  to  2% 
It is readily seen from the above that the different forms may 
vary within rather wide limits and still be normal. 
Hcernolymph Glands.--The  hmmolymph  glands  of  the  sheep 
are typical in structure, the majority being of the splenolymph 
type.  They have a thick capsule from which trabecul~, forming 
either a  delicate framework or a  coarse framework densely in- 
filtrated with lymphoid tissue, extend into the gland, dividing it 
into irregular lobules.  The lymphadenoid tissue, while varying 
greatly in  amount,  is  usually abundant  and forms  the greater 
part of the gland.  As a  rule, large numbers of nodes with germ 
centres showing fairly active proliferation are present,  although 
in  a  few  cases  cords  alone  are  found.  The  peripheral  blood 
sinus  is  generally large but  may be  frequently interrupted by 
lymphadenoid tissue projecting into it.  The gland shows a  few 
phagocytes,  some  pykiaotic  and  vesicular  nuclei,  and  a  light 
sprinkling  of  eosinophiles,  the  latter  being  for  the  most  part 
polymorphonuclear,  although  a  few  mononuclear forms  are  to 
be found. 
Lymph  Glands.--The  lymph glands are almost identical with 
human  glands  in  structure,  having  a  thick  cortical  substance 
composed of lymph nodules and germ centres, and a medullary 
substance  composed  of  anastamosing  cords  separated  by  tra- 
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Only a few eosinophile cells are seen and these are chiefly around 
the borders of the lymph nodes. 
SpIeen.--The  spleen  has  a  thick  capsule,  and  the trabeculm 
throughout the organ are conspicuous.  The Malpighian bodies 
are large, distinct, and not very numerous.  The lymphoid cells 
in the pulp are scanty, the reticulum being relatively increased, 
and the reticular cells large;  the organ seems to show an over- 
abundance of connective tissue. 
Bone  Marrow.--The  bone  marrow  cells  found  in  the  sheep 
having  practically  the  same  characteristics  as  those  of  the 
rabbit,  the following classification as given by Muir  (5)  for the 
latter animal may here be used: 
i.--Leucocytic class of cells: 
a--Cells  with  finely granular  protoplasm  which constitute 
the  great  majority  of  the  cells  in  the  marrow.  After  mitotic 
division they become the finely granular amphophile leucocytes 
of the blood. 
b--Cells  with  coarse  eosinophile  granules  which  later  be- 
come the ordinary eosinophiles of the blood. 
c--Hyaline or non-granular cells. 
Small lymphoid cells. 
Large lymphoid calls. 
Large mononuclear cells. 
2 .--Erythrocytes. 
3.--Erythroblasts : 
a--Megaloblasts  or  large  nucleated  red  corpuscles  faintly 
tinted  with  hmmoglobin;  these  are  the  youngest  variety  of 
erythroblasts. 
b--Normoblasts  or typical nucleated red corpuscles, which 
are  somewhat  larger  than  red  blood  cells  and  are  the  oldest 
variety of erythroblasts. 
4.--Giant Cells. 
5.--Connective-tissue class of cells, fat cells, etc. 
EXPERIMENT  WITH  PHYSIOLOGICAL  SALT  SOLUTION. 
As  noted  by  Besredka  (6),  Ricketts  (7),  Brinckerhoff  and 
Tyzzer  (8),  and  later  by  Bunting,  injections  of  fluids  intra- Harro  Woltmann  1.25 
peritoneally cause  first  a  leucopenia and  later  a  hyperleucocy- 
tosis of the peritoneal fluid.  It is probable that within certain 
limits the greater the toxicity of the fluid injected the greater 
the  resulting hyperleucocytosis.  (Ricketts.)  The bone  marrow 
and  lymph glands  in  attempting to  compensate for  this  with- 
drawal  of leucocytes from  the  circulation  give  rise  to a  rather 
typical blood picture.  Bunting found after the injection of cold 
sterile physiological salt solution a  slight rise in the total leuco- 
cyte  count  of  the  circulating  blood.  On  differential  analysis 
this  increase  was  found  to  be  due  to  a  marked  amphophile 
leucocytosis, at the same time that there was a  correspondingly 
great  lymphopenia.  The  preliminary  leucocytosis he  calls  the 
"anticipatory"  leucocytosis, and is  due  to  the  reaction  of  the 
bone marrow to the withdrawal of leucocytes from the circula- 
tion,  the  lymphocytes  having  a  slower  amoeboid  movement 
failing to respond so quickly. 
As these experiments were performed on rabbits it was thought 
best  to  repeat  them  with  sheep  so  that  the  influence  of  salt 
solution might be exactly determined for that animal and could 
then be  eliminated from the final results.  After the injection 
of thirty-five cubic centimetres of cold sterile physiological salt 
solution (Table I),* a  rather sharp leucocytosis and a  return to 
normal within twenty-four hours is obtained, and is followed by 
another lesser rise  and  fall  in  the  next  forty-eight  hours.  By 
differential  counts  we  find  at  first  a  typical  "anticipatory" 
leucocytosis with  its  accompanying lymphopenia,  the  lympho- 
cytes,  however,  recovering  quite  rapidly.  The  second  leuco- 
cytosis is due to an increase both of the amphophiles and of the 
lymphocytes with a final rather gradual return of both to normal. 
The bone marrow, then, in the sheep as well as in the rabbit, 
reacts  quickly to  a  demand upon it,  the lymphocytes, because 
of their slower amoeboid movement, responding more slowly. 
INJECTION  OF  NORMAL  SERUM  OF  THE  GOOSE. 
In the following experiments no consideration has been taken 
of the amount of haemolysis in  vitro,  this being reserved for a 
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future study.  The blood curve (Table II) resulting from the in- 
jection of normal serum is  almost identical with that  obtained 
by Bunting, showing a marked leucocytosis at the end of eighteen 
hours, followed by a  fall, preceding a  second and finally a  third 
slighter rise.  On differential analysis the first rise is found to be 
due almost entirely to  an  amphophile leucocytosis, except for a 
sharp rise of lymphocytes, with a  sharper return to normal, oc- 
curring within eight hours.  This preliminary increase in lympho- 
cytes  is  in  marked  contrast,  however,  to  the  observations  of 
Bunting,  who  found  a  typical  "anticipatory"  leucocytosis,  as 
described,  with  its  accompanying  lymphopenia.  The  second 
and third rises  are due entirely to  an increase in lymphocytes; 
the number of amphophiles decrease and subsequently there is 
only a slight secondary rise to normal. 
The large mononuclear leucocytes increase in numbers follow- 
ing roughly the  rise  and  fall  of  the lymphocytes;  the  eosino- 
philes, after a  preliminary sharp decrease in numbers, gradually 
rise considerably above normal and then decrease;  the erythro- 
cytes  show  a  slight  increase  at  first  and  subsequently  their 
number  remains  elevated;  the  basophiles  are  so  few  in  the 
sheep that they have not been enumerated in the table. 
SI~E~p  2.--Received 35  cc.  of serum from Goose 5  at  3  P.M.,  December i, 
~9o3 .  A  record of  the  leucocyte counts and differential  analysis is given in 
Table  II.  The  animal  was  killed  December  8,  xo  A.M.  Autopsy.--There is 
slight cedema near the site of inoculation.  A large amount of fluid is present in 
the peritoneal cavity.  The  hmmolymph glands are exceedingly large  and nu- 
merous.  All the organs and tissue are apparentlynormal.  There is no infection. 
Histology.--The structures examined showed little or no changes other than 
a  slight hyperplasia.  This is perhaps most noticeable in the bone marrow, as 
here the actual amount of cellular marrow is increased, the increase correspond- 
ing to a  diminution in the number of fat cells.  The change is  due to an in- 
crease in  number  of the marrow cells or myelocytes.  The megaloblasts and 
normoblasts  are  also  more  numerous  than  usual  and  show  mitotic  figures. 
The germ centres in the spleen and lymph glands stand out distinctly and show 
active although not excessive proliferation.  Few, if any, degenerative changes 
are present. 
The injection of normal serum of a  goose into a  sheep causes 
first  a  diminution in the  number  of the leucocytes in the  cir- 
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cavity.  This fall is followed by a  marked rise, due to prolifera- 
tion of the antecedents of the leucocytes, first and most markedly 
in the bone marrow and later in the lymph glands, spleen, and 
hmmolymph glands.  At the same time there is a slight increase 
in number of erythrocytes in the blood due to a  proliferation of 
the  erythroblasts in  the bone marrow.  The changes produced 
are chiefly hyperplastic, as few, if any, degenerative changes are 
apparent. 
EXPERIMENTS  WITH  H~MOLYTIC  SERUM. 
Hmmolytie serum was prepared by injecting a goose with nor- 
mal defibrinated sheep's blood diluted with normal salt solution 
until it contained  the same percentage  of  erythroeytes that is 
present in a  corresponding injection of hmmolymph nodes. 
The  leucocyte  curve  (Table  III)in  this  case  is  not  very 
characteristic,  consisting of  a  preliminary leucoeytosis of about 
2000  per  cubic  millimetre,  followed by a  still  smaller  increase 
and  then  a  gradual  rise  covering  a  period of  about  seventy 
hours.  By  differential  counts  we  find  a  typical  "antici- 
patory" leucocytosis with  its accompanying lymphopenia, after 
which there  is  a  decrease  in amphophiles  and  an  increase  in 
lymphocytes;  the last  two leucocytoses are due to the increase 
of lymphocytes. 
The  eosinophiles,  after  a  preliminary  decrease  in  number, 
gradually increase considerably above normal and then, as if a 
crisis had been reached, suddenly return to normal,  at the end 
of about ninety-six hours. 
The erythrocytes, after a rapid preliminary rise of one million, 
drop in twelve hours about two million and gradually decrease 
in  the  next  thirty-two  hours  a  million  more,  making  a  total 
destruction of about three million erythrocytes per cubic milli- 
metre, or 28 + %  of the entire number of corpuscles. 
SHEEp 9.--Received intraperitoneally 35  cc. of serum from Goose 7 at  ii.3o 
A.M., February 9,  19o4.  At 3 P.M. the sheep appeared sick.  The blood isdark 
in color;  at  io.3o P.M. the blood is light in color and watery.  February ii, at 
5  P.M.,  one normoblast is found in a  differential count of 500  cells.  February 
i2,  9  A.M., two normoblasts are seen.  February 14,  9  A.M., one normoblast is 
found.  The  sheep  was  killed  February  i5,  11.3o  A.M.  Autopsy.--There is 128  Changes in  the Blood and Blood-Forming  Organs 
no excess of peritoneal fluid.  The hmmolymph glands are dark in color.  The 
bone marrow is light in color.  Axillary, mesenteric, and retroperitoneal lymph 
glands are dark in color.  All other organs and tissues are apparently normal. 
There is no infection. 
Histology.--The hsemolymph glands show few changes resulting from the in- 
jection  of  hmmolytic  serum.  The  glands  are  somewhat  congested  and  show 
evidences  of increased  erythrocyte  destruction;  large  endothelial  phagocytes 
are  filled  with  pigment  and  partially  broken-down  corpuscles.  Nuclear  de- 
struction  in  the  lymphoid  tissue is  perhaps  somewhat  more  abundant  than 
normal,  and  large  vesicular  and  in  some  cases  pyknotie  nuclei  are  present. 
The eosinophiles are increased in number. 
The lymph glands show distinct evidences  of proliferation in the germ  cen- 
tres,  which are large and well developed.  Evidences  of  erythrocyte  destruc- 
tion  are  much more marked  than  under normal conditions.  Numerous  large 
brown  pigment  granules  are  present,  for  the  most  part  within  phagocytes. 
Numerous  vesicular  and  pyknotic  nuclei  and  phagocytes  containing  broken 
nuclei are also present.  There is some increase in eosinophiles. 
The  bone marrow  shows  an  increase  of mature  amphophiles  together  with 
rather  marked  increase  of  the  myelocytes.  There  is  also  a  distinct  increase 
of  megaloblasts  and  normoblasts.  In  all  of  the  tissues  examined there  are 
rather marked proliferative changes in the endothelium. 
The  injection  of  a  hmmolytic serum  into  a  sheep  not  only 
causes an increased destruction of erythrocytes, but has an effect 
on the leucocytes and indirectly at least on the leucocyte-forming 
organs.  Although  the  changes  in  these  organs  are  not  pro- 
nounced, and in this case, at least,  not very characteristic, they 
are  nevertheless evident.  The increase in both lymphatic and 
hmmolymphatic glands  of  endothelial  phagocytes  containing 
red  cells  and  pigment is  the  most  striking  histological  change 
found.  In connection with these evidences of hmmolysis within 
cells is to be noted the increase of eosinophiles. 
EXPERIMENTS  WITH  H3EMOLYMPHOCYTOTOXIC  SERUM. 
In two instances sheep were injected with hmmolymphocyto- 
toxic serum.  The first  gave a more typical alteration of the 
leucocytes, but  the animal was  killed shortly after injection, 
in order to obtain tissues  at an early  stage  ;  in  the second animal 
the leucocytes were allowed to return to normal. 
In these  experiments  changes  undergone  by the leucocytes 
(Tables IV and V) have resembled  those which  follow the in- 
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occurs takes place in a  shorter length of time, as if the demand 
has  been more urgent and the  tendency to  proliferate  given a 
sharper impetus.  After the first rise there is a  complete return 
to normal, followed by a  second slower and slighter leucocytosis, 
which in turn, after twenty-four hours, is followed by a third rise. 
On  differential  counts  a  typical  "anticipatory"  leucocytosis 
with its accompanying lymphopenia is observed.  The first rise 
already described is due entirely to an amphophile leucocytosis; 
the  second, however,  is  due to  a  lymphocytosis, and the third 
to  a  combined increase  of both amphophiles and lymphocytes. 
It is readily seen that, with the exception of an  "anticipatory" 
leucocytosis, these changes are  almost identical with those pro- 
duced by the injection of normal serum of the goose, until the 
third  rise is reached.  In the case  of the normal serum this  is 
due  entirely  to  a  lymphocytosis, while with the heemolympho- 
toxic  serum  it  is  due  to  a  combined rise  of lymphocytes and 
amphophiles. 
The large mononuclears remain practically unchanged through- 
out the experiment.  It is noteworthy that in every case cited 
the eosinophiles, after a  preliminary decrease, gradually reach a 
number  considerably  above  normal  and  then,  as  by  a  crisis 
occurring at the end of about ninety-six hours, suddenly return 
to normM. 
There  is a  marked difference between the erythrocyte  curves 
in  the two experiments.  In the first there is a  slight rise  occur- 
ring within the first  four hours  and then a decided drop.  Great 
emphasis is to  be  laid  on  this  marked  decrease  in  number of 
erythrocytes, their number dropping from 9,2 ~  5,ooo to 4,824,ooo 
in four hours--a  fall of 47 + %  of entire number of corpuscles. 
In  the  second curve,  however,  there  is  a  preliminary  increase 
followed by  a  slight decrease,  another rise,  and then a  decided 
drop from 15,760,ooo to  z 3,400,000 in twelve hours, there being 
altogether a  destruction of ~,36o,ooo corpuscles, or about  I5% 
of  the  entire  number  present.  In  both  instances  after  this 
marked decrease  in  number there  is  a  gradual  rise  to  normal, 
and in  both instances this  regeneration is  somewhat excessive, 
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SHEEP 3.--Rece4ved  3S ec. serum from Goose 3 at 2 P.M.,  November 6,  i9o 3. 
At the time of the count on November 6, at xo.3o P.M., the blood was noticeably 
lighter in color and more watery than normal.  The animal was killed Novem- 
ber Io, at io A.M.  Autopsy  showed slight oedema around the site of inoculation. 
A  large amount of fluid was present in the peritoneal cavity.  All of the lymph 
glands,  with  the  exception  of the  hmmolymph  glands,  were  large,  hard,  and 
extremely dark in color. 
The spleen  is small,  being not over two-thirds its normal size.  One kidney 
is markedly atrophic,  the other showing compensatory hypertrophy.  On sec- 
tion the pelvis is large and dilated ;  the cortex is thin.  The liver is large, dark 
in color, and bleeds freely on section.  The bone marrow is normal in appear- 
ance.  There is no infection. 
Histology.--The  hmmolymph  glands  show  a  disappearance,  or  at  least  a 
diminution,  in  size  and  numbers  of  the  distinct  proliferating  germ  centres 
found  in  normal  glands.  In  twenty-five  glands  examined  exceedingly  few 
germ  centres  are  found,  and  those  present  are  small  and  show  few  mitotic 
figures.  The blood sinuses are somewhat congested and contain large numbers 
ofleucoeytes.  Eosinophilecells (Fig. 2) are present in the lymphoid tissue in large 
numbers;  most  of  them  are  polymorphonuclear,  but  some  are  mononuclear, 
and a  few even polymuclear.  There is less  evidence of cell destruction in the 
hmmolyrnph glands than might be expected,  only a  few large  vacuolated  and 
some pyknotic nuclei being seen.  Abundant endothelial proliferation is found, 
and large phagocytes containing broken-down erythrocytes and blood pigment 
are present in great numbers. 
The  germ  eentres  in  the  lymph  glands,  while  more  numerous  than  in  the 
h~emolymph glands,  are small and do not show active proliferation.  There is, 
however,  an  enormous  amount  of  proliferation  in  the  endothelium.  The 
amount of blood pigment in some of the lymph glands is enormous, giving the 
glands on maci~oscopical examination a dark brown or blackish color.  The pig- 
ment on microscopical examination (Fig. 3) is found in the medullary portion of 
the gland and is chiefly intracellular, having been taken up by phagocytes.  It 
does  not  contain  iron,  and is  probably  hmmatoidin  formed  as  the result  of 
erythrocyte  destruction.  Other  evidences  of  cell  destruction  are  not  more 
frequently  observed  than  in  the  hsemolymph glands.  There  is  considerable 
increase in the number of eosinophiles present. 
In  the spleen,  as  in the other tissues  examined,  the germ  centres  are small 
and are not actively proliferating.  The spleen is very markedly atrophic,  but 
this  atrophy  must  have  antedated  the  time  of  injection.  Some  pigment  is 
present  which,  in  sharp  contrast  to  that  found  in  the lymph  glands,  is  iron- 
containing and chiefly extracellular. 
The bone marrow shows a  marked diminution in the number of mature cells, 
i.  e.,  cells  ready to  enter the circulation.  The marrow  cells,  with few excep- 
tions, however, are in some stage of mitotic division.  Megaloblasts and normo- 
blasts  are  also  increased  in  numbers,  the former  showing  active proliferative 
changes.  The  endothelium  is  proliferating  actively.  Eoslnophiles  are  de- 
creased in numbers.  A  few large vacuolated nuclei are to be seen. 
SI~EP  6.--Received  35 cc. serum from Goose 6 at  i  P.M.,  January  22,  I9O4. 
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animal was killed January  29,  io A.M. ;  at autopsy  the organs ~vere apparently 
normal 
Histology.--Since  the sheep was  killed  seven  days  after injection, the  tissues 
may be expected to show either a  greater attempt at repair or a  later stage of 
the intoxication. 
The hmmolymph  glands  in  this  experiment,  as  in  the last,  show a  decided 
diminution in size and numbers  of germ centres.  Evidences of cell destruction 
here, "however,  are  very striking.  With  very  few  exceptions  every nucleus, 
though  not necrotic,  is in  some stage  of fragmentation.  Pyknotic,  large  ve- 
sicular,  and vacuolated nuclei are in great abundance.  Numerous phagocytes 
containing particles of broken-up nuclei are present.  The pigment, phagocytes, 
and eosinophiles have the same characters  as in Sheep 3. 
The lymph glands show the changes described for Sheep 3, except that there 
is more  evidence  of nuclear  destruction;  there  are vacuolated, vesicular, and 
pyknotie  nuclei,  and  endothelial  phagocytes  are  found.  Blood  pigment  is 
present  in  considerable  amount,  but  not  to  the  same  extent  as  in  Sheep  3, 
although the phagocytes are as numerous. 
The  spleen  in  this  case  shows  more  marked  nuclear  destruction  than  in 
Sheep  3.  A  much larger amount  of pigment (Fig.4) is, however, present here; 
it is iron-containing,  and is probably h~emosiderin. 
The red bone marrow is not  abundant.  Proliferative changes  are confined 
chiefly  to  the  megalobla.sts.  The  myelocytes  are  not  numerous,  and  those 
present  do  not  show  very  active  mitosis.  Fully developed amphophiles  are, 
however, numerous.  Eosinophile cells are decreased in number. 
After  the  injection  of  ha~molymphotoxic serum  there  is,  as 
with  the  injection  of  normal  serum  from  the goose,  a  sharp 
demand on the leucocyte-forming organs, which is responded to 
first by the bone marrow and later by the lymphocyte-forming 
organs.  The bone marrow is able, in some degree, to compensate 
for this loss by proliferation, but the lymphocytes in the blood 
seem to be solely supplied by preformed cells.  Histological ex- 
amination seems to show that  the tendency to proliferation of 
the cells antecedent to  the lymphocytes is  inhibited.  This in- 
hibitory  or  toxic  action,  while  slight  at  first,  becomes exceed- 
ingly destructive, as shown by the marked signs of degeneration 
in the lymphadenoid tissue. 
The  differences  in  changes  affecting  the  erythrocytes in the 
two  experiments  may  be partly  due  to  the  pathological  con- 
dition of the kidneys in Sheep 3.  In both experiments there has 
been a  preliminary rise  in  the number of erythrocytes,  then a 
fall,  and  finally  a  slow  recovery which becomes excessive  and 
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kidneys being pathological, it  is  probable that  the excretion of 
the toxin has not been carried on to the same extent as in Sheep 
6.  Since this animal has been able to excrete some part of the 
toxin, the effect has occurred slowly and is less marked. 
Evidence  of  erythrocyte  destruction  in the  tissues  is  some- 
what more marked in Sheep 3 than in Sheep 6, but this difference 
again  is  partly  referable  to  the  kidneys  of the  former;  for  in 
the latter  hmmoglobinuria was  present,  while in  Sheep  3  there 
was  no  evidence  of  it.  The  regeneration  of  erythrocytes  is 
explained  by  the  marked  proliferation  of  megaloblasts  in  the 
bone marrow. 
PARALLEL  EXPERIMENTS  WITH  H2EMOLYMPHOTOXIN  AND  WITH 
H3EMOLYSIN. 
Control  experiments were  here  tried with  hmmolymphotoxic 
and erythrolytic serums with the special purpose of determining 
the amount of  hmmolysis in  either  case  and  of making careful 
comparisons. 
To  this  end  for  corresponding experiments  geese  and  sheep 
were selected respectively as nearly alike as possible;  they had 
been  kept  under  similar  conditions.  The  geese were  injected 
with the same amount of fluid in each case, and each injection 
contained the same amount of blood as determined by Gower's 
hmmoglobinometer;  the goose injected with emulsion of h~emo- 
lymph gland received the same number of erythrocytes as  the 
one receiving the blood.  The conditions of the experiments were 
made parallel in every respect, so that the results obtained might 
be exactly compared. 
I.  Experiment with Ha~molymphotoxin.--Changes  in the number 
of  leucocytes  (Table  VI)  obtained  by  injecting  hmmolympho- 
toxin  from  the  goose  selected  resemble  in  general  those  of 
Table  IV, obtained  after  injection  of  hmmolymphotoxin from 
Goose 3;  twice their number rises  markedly.  Examination  of 
differential  counts  shows  that  the  preliminary leucocytosis  in 
both cases  is due  at  first to  an  amphophile leucocytosis, later 
aided  by  a  lymphocytosis.  The  second  rise,  however,  is 
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entirely due to an amphophile leucocytosis, while in the other it 
is wholly a lymphocytosis. 
The  erythrocytes in  Sheep  i2  after  a  preliminary rapid  rise 
gradually but  steadily decrease for fifty-six  hours  and  then  as 
gradually return  to  normal.  Altogether there  is  a  drop  from 
4,8oo,ooo to 3,24o,ooo, or a total destruction of 32 % of the entire 
number of erythrocytes present. 
The  eosinophiles  show  the  usual  preliminary  decrease,  the 
gradual rise, and the so-called crisis. 
S~P  i2.--Received  40  cc. serum  from  Goose  12 at  i  P.M., April 23,  19o 4. 
Killed  April  28,  4  P.-~f.  Autol,  sy.--Haemolymph  glands  are  not  numerous, 
but  are  large ;  lymph glands are rather dark in color.  The liver has a  peculiar 
greenish tinge.  The bone marrow is anaemic.  Otherwise the organs are normal 
and there is no infection. 
Histology.--In sharp contrast to the other instance in which haemolymphocy- 
totoxin has  been injected, this  one shows the germ centres in the haemolymph 
glands  to  be large,  numerous,  and  actively proliferating.  In  other  respects, 
however,  they  resemble  those  already  described,  in  that  there  are  a  large 
number  of degenerative changes,  marked  proliferation  of endothelium,  many 
phagocytes containing blood pigment and corpuscles,  and a  marked increase of 
eosinophiles. 
In  the  lymph  glands  again  the  germ  centres  are large,  numerous,  and  ac- 
tively proliferating;  otherwise they resemble those heretofore described.  The 
amount of blood pigment and the number of phagocytes present in some of the 
glands  is  very large. 
The  spleen  resembles  those  previously  described  very closely,  except  that 
there  is  a  very little blood  pigment  present.  Part  of this  pigment  is  h~emo- 
toidin  and  is  intracellular,  while a  part  is  haemosiderin,  and,  situated  chiefly 
outside the cells, is present in large amount. 
The  bone  marrow  is  the  sear  of  active  proliferation  and  contains  large 
numbers  of mature cells, i. e., fully developed amphophiles. 
II.  Experiment with Hwmolysin.--In the sheep which received 
ha~molytic serum from Goose ~4, as in the other experiment with 
hmmolytic serum, the leucocytes do not show very characteristic 
changes  (Table  VII);  their  number  undergoes  two  slight  but 
rather  prolonged  rises  and  falls.  These  changes  are  almost 
wholly referable  to the  amphophiles, the  lymphocytes  varying 
only slightly throughout the experiment. 
The erythrocytes decrease slightly at first and then gradually 
rise to  a  number somewhat above normal.  This  number then 
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~,o6o,ooo erythrocytes, or ~9% of the entire number in circula- 
tion, being destroyed. 
SHEEP  i4.--Recelved 40  ce. serum from Goose r4, on April 23, i9o4, at 2 P.r~. 
No erythroblasts were found in any of the preparations of blood.  The animal 
was  killed April  28,  3  p.m.  At autopsy  a  large amount  of peritoneal fluid is 
found.  Hmmolymph  glands  are  not  numerous  but  are  large.  The spleen is 
slightly smaller  than normal.  The lungs  are  anaemic.  Otherwise the  organs 
are normal;  there is no infection. 
Histology.--The  histological changes resemble very closely those already found 
after the injection of hmmolytic serum. 
The  two  preceding  experiments  vary  but  little  from  other 
similar  experiments  already  described,  except  that  heretofore 
the  effect  of  the  hmmolymphotoxin  has  been  to  inhibit  pro- 
liferation in the germ centres;  in Sheep  ~  2 proliferation is very 
active. 
Under  the  same  conditions,  the  serum  obtained  by  the  in- 
jection  of  emulsion  of  hmmolymph glands  is  more  h~emolytic 
than that obtained by the injection of a  corresponding amount 
of erythrocytes;  in the first case there is a  destruction of 32 % 
of the entire number of erythrocytes in circulation, while in the 
latter there is a  destruction of only i9%. 
EXPERIMENTS  WITH  HEATED  H~EMOLYMPHOCYTOTOXIN. 
In  the  following experiment  hmmolymphocytotoxin  was 
heated  to  56  °  C.  for half  an  hour  to destroy the  h~emolytic 
action before injection. 
Changes in blood  (Table  VIII)  obtained  in this  experiment 
are  strikingly like those  obtained by  Bunting  after  the  injec- 
tion  of lymphotoxin.  There is first a leucocytosis of moderate 
extent due to  a  combined increase of amphophiles and lympho- 
cytes.  Following  this  there  is  a  still greater leucocytosis and 
finally  a  more  moderate  one.  All three  leucocytoses are  due 
to  a  combined  rise  of  both  amphophiles  and  lymphocytes. 
They  differ from those of  other  experiments by  the sharp  rise 
and  fall  of  the  lymphocytes which ordinarily  rise slowly to  a 
certain height and  then gradually decline. 
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fact that the h~emolytic action of the serum was not completely 
destroyed, but they soon regain their normal height, which they 
retain  throughout  the  experiment.  The  large  mononuclears 
vary little;  the eosinophile cells show the ordinary preliminary 
increase and crisis as described above. 
SHEEP  4.--Received  3 °  cc.  of  serum  from  Goose  4.  at  3  P.M.,  November 
i8,  19o 3.  This  serttm  had,  previous  to  injection,  been  heated  to  56 °  C. 
for  half  an  hour.  The  animal  was  killed  io  A.M.,  November  22/  At  au- 
topsy slight cedema is found  around  the place of inoculation.  There is a large 
amount  of  peritoneal  fluid.  The  hmmolymph  glands  are  dark  in  color  and 
apparently not so large nor so numerous  as normal.  The spleen on section is 
dark  in  color,  but  is  otherwise normal.  All other  organs  and  tissue  are  ap- 
parently normal;  there is no infection. 
Hislology.--The h~emolymph  glands  are  congested,  the  sinuses  being large 
and  densely  crowded  with  erythrocytes.  Germ  centres  are  few in  numbers, 
and  when  found  are small but  show fairly active proliferation.  Evidences of 
cell destruction  are not marked,  although a  few pyknotic  and  vesicular nuclei 
are  to  be  found.  Some  blood  pigment,  probably  hmmatoidin,  is  present. 
Eosinophile cells  are present  in  great  numbers  and  are  both  of mononuclear 
and polynuclear type, but are fewer than in Sheep 3. 
Some of the  lymph  glands,  particularly  the mesenteric  glands,  show  toxic 
changes, manifested by more or less wedge-shaped areas of necrosis (Fig. I) extend- 
ing into the lymph glands with their bases  toward the periphery.  These areas 
appear  as  granular  eosin-staining masses  around  which in some cases  there is 
a  beginning  attempt  at  sequestration  by  leucocytes.  Phagocytes containing 
fragmented nuclei are very abundant.  The germ centres, while not large, show 
fairly active proliferative changes.  Some blood pigment, probably h~ematoidin, 
is present,  and is contained entirely in large phagocytes.  There is an enormous 
increase in eoslnophiles, both mononuclear and polynuclear. 
The spleen is congested and shows signs of degeneration,  pyknotic and frag- 
mented  nuclei  being  present.  There  is  a  large  increase  of  eosinophiles.  A 
small amount of blood pigment is present. 
The changes in the bone marrow consist chiefly in a marked increase in number 
of the  myelocytes.  Mature  amphophiles  are also  numerous,  eosinophiles  are 
decreased  in  numbers,  and  lymphocytes  are  numerous.  Throughout  all  the 
tissues  examined there is a  marked  proliferation of endothelium. 
The kidneys in this animal, in contrast to the others cited, show the presence 
of iron situated in the tubules and demonstrable by the appropriate reaction. 
Histological examination shows that the amphophile leuco- 
cytosis is due to the proliferation  of cells  in the bone marrow 
antecedent to the amphophiles,  while the increase of lympho- 
cytes is due almost entirely  to the existence  of preformed cells, 
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A  second  experirnent  was conducted  in  exactly the  same way 
as  the  preceding;  the  serum  of  a  goose  which  had  been  im- 
munized  to  ha~mdyrnph  glands  being  heated  to  550  C.  for  a 
period  of  half  an  hour.  It  was  expected  that  at  the  ex- 
piration  of  this  time  the  hmrnolytic  property,  at  least  that 
due  to  immunization  with  injected  erythrocytes,  would  be 
destroyed. 
Changes  in  the  blood  (Table  IX)  following  the  injection  of 
this  serum  into the  sheep  resernble  in  only one point  those  ob- 
tained  in  the  preceding  experirnent;  there  is  at first  leucopenia 
followed  by  a  slight,  gradual  leucocytosis,  after  which  there  is 
a  slight  drop,  another slight  rise,  and  then  a  gradual  return  to 
normal  Changes  affecting  the entire  number  of  leucocytes are 
closdy followed  by those  of  the  lymphocytes, the  amphophiles 
being  so  few in  numbers  that  they have  little effect upon these 
changes. 
The  erythrocytes  undergo  a  slight preliminary  rise  of  700,000 
and  then  a  sharp fall of two million,  after which  they  gradually 
return to  normal.  The  eosinophiles  slowly  but  markedly  in- 
crease  until  the  sixty-fourth  hour,  when  the  so-called  crisis 
occurs.  The  large  mononucleus  and  mast  calls  show  no  note- 
worthy  alteration, 
SHEEP i9.--Received 45 ce. of serum from Goose 19 on May i6, 19o4, at x P.M. 
The serum previous to injection had been heated to 560 C. for half an hour. 
Sheep  19  was killed at  io  A.M., May  2I.  There was a  moderate amount of 
peritoneal  fluid.  The  hmmolymph  glands  were rather large and numerous. 
All  the  organs  were  apparently normal.  Bone  marrow  was  light  in  color. 
There was no infection. 
Histology.--Th¢ hmmolymph glands  are congested,  the sinuses  being large 
and  densely  crowded  with  erythrocytes.  The  germ  centres  are  large  and 
actively  proliferating.  There  is,  moreover,  a  slight  general  hyperplasia  of 
lymphoid  cells.  There  is  little  evidence  of degeneration.  Endothelial  pro- 
liferation  is  marked.  Large  numbers  of  phagocytes  containing  entire  cor- 
puscles and some containing Mood pigment, h~ematoidin,  are to be seen.  There 
is an enormous increase of eosinophiles. 
The germ centres in the lymph glands are also large and actively proliferating. 
In this case no necrotic areas, similar to those observed in the previous ex- 
periment,  are found.  Degenerative  changes  are  fairly numerous,  vacuolar, 
vesicular, and some pyknotic nuclei being observed. 
Large numbers of phagocytes containing blood pigment, hmmatoidin, are to 
be  seen.  Eosinophiles  are  increased  in  numbers.  The  spleen  is  normal, Harro Woltmann  137 
except for the presence of a large amount of blood pigment which, situated out- 
side of the cells, is for the most part h~emosiderin.  Mitosis in the germ centres 
is active, and there is a rather marked proliferation of the endothelium.  Eosino- 
philes are somewhat increased. 
In contrast to the previous experiment, the kidney tubules do not show the 
presence of iron. 
The  bone  marrow  seems  to  be  little  affected,  and  is  practically  normal. 
There  is,  however,  some  increase  of  erythrocytes  and  of  eosinophiles.  The 
presence of large numbers of mature amphophiles is noteworthy when it is re- 
called that few were present in the circulation. 
This experiment differs  markedly from the  one preceding it, 
the  changes  not  only in  the  blood  but  in  the  tissues  being 
different. 
These experiments suggest, in accordance with the statement 
of  Pearce,  that  necrosis  is  not  a  specific  action  of the  serum, 
but is due to its erythrolytic and agglutinative properties. 
The marked hmmolysis which occurred in the last experiment 
is, however, of great importance, for it tends to show the presence 
of some h~molytic factor, which is resistant to heat and not due 
to immunization with erythrocytes alone. 
EXPERIMENTS  WITH  HETEROH~MOLYMPHOTOXIN. 
In  the  following  experiment  a  h~emolymphoto.xin  for  the 
sheep was prepared by the usual method, and was then injected 
into a rabbit in order to determine if a h~emolymphotoxin active 
for one animal would have the same action in an animal of a 
different species or if its action would be peculiar to the species 
for which it was prepared.  Following this  injection (Table  X) 
there  is an  extremely marked  preliminary leucopenia  showing 
that  the  peritoneal  irritation  has  been  extreme.  This  leuco- 
penia  is  followed by  a  well-developed leucocytosis, which is  in 
turn  followed by  a  decided drop in  the  number of leucocytes, 
interrupted  by one  slight rise;  the  number of leucocytes then 
gradually returns to normal.  The amphophiles rise steadily for 
twenty hours,  after which  they  as  steadily  decrease,  rising  to 
normal just before death.  The preliminary decrease of lympho- 
cytes  is well-marked  and  of  long  duration;  these  cells  do  not 
begin  to  increase  in  number until  the  twentieth  hour,  after 
which they very closely follow the total  number  of  leucocytes. 138  Changes in  the Blood and Blood-Forming  Organs 
It would  appear,  then,  as  if  proliferation  in  the  lymphocyte- 
forming organs  had received  a  check, or  that  amoeboid move- 
ment of the fully developed cells in the lymph glands and spleen 
was slower or more difficult than usual. 
The  eosinophiles follow  the  usual  course  observed  after  the 
injection  of  hmmolymphotoxin,  decreasin~  at  first  and  then 
rising  until  the  forty-fourth  hour,  when  the  so-called  crisis 
OCCURS. 
Changes undergone by the  erythrocytes are of  great interest 
since they give evidence of very marked hmmolytic action.  There 
is at first a  sharp rise of about one million, and then in the next 
five hours a  decided drop of over three millions.  Subsequently 
the number fluctuates  as  if the destruction at  times overcame 
the supply, but steadily returns to normal. 
RABBIT  i.--Received  IO  cc.  of serum  from Goose  i2 at  x2 noon, April 23, 
x9o 4  Killed,  i  P.M., April 28.  At autopsy  the organs were found to be  nor- 
mal;  there was no infection.  No hmmolymph glands were found at autopsy. 
Histology.--The germ centres in the lymph glands are fairly well developed, 
and proliferation is active.  Mitotic figures are fairly numerous throughout the 
gland.  Degenerative  changes  also  are  very abundant,  many  large  vacuolar, 
vesicular,  pyknotic,  and  fragmenting  nuclei being present.  Endothelial  pro- 
liferation is also very marked,  and many large endothelial phagocytes  contain 
particles  of pigment,  probably  hmmotoidin,  while some  contain  fragments  of 
nuclei.  Eosinophiles  are greatly increased in numbers. 
Proliferative changes in the spleen are less evident than in the lymph glands, 
but  there  is  very marked  endothelial  proliferation.  The blood  pigment  here 
present  in  rather  large  amounts  is  hmmatoidin.  Eosinophiles  are  markedly 
increased in numbers. 
The cellular elements throughout  the bone marrow are undergoing prolifera- 
tion ;  the endothelium is also the seat of proliferation. 
Comparison  of  the  histological  changes  just  described  and 
those  produced  by  the  injection  of  hmmolymphotoxin into  a 
sheep shows that they are almost identical. 
Difference in the changes affecting the blood and perhaps the 
slightly more toxic effect which the serum seems to have on the 
rabbit  may be explained by the fact. that  a  greater amount of 
serum  per  kilo  of  body  weight  was  injected  into  the  rabbit. 
Moreover,  the  hmmolytic effect  on  the  rabbit  is  very  marked, 
a  destruction  of  43%  of  the  total  number  of  erythrocytes  in 
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The  eosinophiles of  the  rabbit,  like  those  of the  animal  for 
which the hmmolymphotoxin  was prepared, are increased greatly 
in  numbers.  It is  probable,  then,  that  the toxin produced by 
the injection of emulsions of hmmolymph glands into an inter- 
mediary animal is  heterotoxie,  the  changes  in  the  two  species 
employed being the same in every respect. 
SUMMARY OF EXPERIMENTS  WITH H~MOLYMPHOCYTOTOXIC SERUM, 
After  the  injection  of  the  serum  of  an  animal  immunized 
against  hmmolymph glands  there  is  a  series  of changes which 
may be classified in several groups. 
I.  Changes  Due  to  Hwmolytic  Properties.--The  hmmolytic 
properties  of the  so-called h~emolymphotoxin are  very  marked 
and  their  effects  are  observable  not  only  in  the  blood  counts, 
but also in the tissues.  Its haemolytic power is in fact stronger 
than  that  of  the  serum  obtained  when  the  same  number  of 
corpuscles are injected into the intermediary animal as are con- 
tained in the emulsion of hmmolymph glands employed.  This 
fact  is  demonstrated by  the  following table  in  which  parallel 
experiments are compared: 
(a)  Normal serum caused an increase of i,ooo,ooo erythrocytes. 
(b)  z-Hmmolytic  serum  caused  the  destruction  of  3,ooo,ooo 
erythrocytes,  or  28% of the entire  number in circu- 
lation. 
2-Hmmolymphotoxic  serum  caused  the  destruction  of 
4,392,000  erythrocytes,  or  47%  of  erythrocytes in 
circulation. 
(c)  x-Hmmolytic serum  caused  the  destruction  of  z,o6o,ooo, 
or 19 %  of erythrocytes in circulation. 
2-Hmmolymphotoxic serum  destroyed  1,56o,ooo  , or  32% 
of erythrocytes in circulation. 
There is, therefore, a  difference in one case of 19 %  and in the 
other of  I3%  between parallel  experiments.  Taking into  con- 
sideration the fact that in one case the goose serum may have 
had a  stronger  inherent tendency to  destroy erythrocytes than 
in the other and the possible percentage  of  error,  it is still im- 
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Moreover, when the  serum was  heated to  a  temperature  suffi- 
cient to  destroy all  hmmolytic action  in  a  serum produced by 
the injection of erythrocytes alone, there was  still  considerable 
destruction of erythrocytes after injection into the sheep.  Fur- 
thermore, on injection of the toxin into an animal of a  different 
species  the  hazmolytic  effect  was very  marked--more  marked 
than would usually follow the injection of h~emolytic serum pro- 
duced with erythroeytes alone. 
Taking  all  these  facts  into  consideration,  it  seems probable 
that the h~emolymphotoxin has some ha~molytic action not due 
to the reaction of the goose to erythrocytes Mone. 
II.  Changes Due  to  Lymphotoxic  Properties.--Certain  of  the 
changes  produced  by  the  injection  of  h~emolymphotoxin are 
referable to the immunization of the goose against the lymphoid 
tissue in the hmmolymph glands. 
In  one experiment there  is  apparently  an  inhibition of pro- 
liferation in the germ centres, while in the other two prolifera- 
tion  is  marked.  This  occurrence  of  proliferation  agrees  with 
results  generally  obtained  after  injection  of  lymphotoxin. 
While proliferation  is  not  necessarily  due  to  the  direct  action 
of the toxin, in most instances at least no inhibition of prolifera- 
tion is caused by h~emolymphotoxin. 
The  changes  affecting the  leucocytes  of the  blood  and  to  a 
certain  degree  the  proliferative  changes  in  the  blood-forming 
organs are due to the peritoneal irritation following the injection 
of the toxin;  to a  certain extent they are referable to the direct 
effect of the toxin. 
The  degenerative changes which occur  are,  however,  due  to 
the  lymphotoxic  action,  and  those  following  the  injection  of 
hmmolymphotoxin are in all respects like those following the use 
of lymphotoxin. 
III.  Changes Due  to  Endotheliotoxic  or  Phagoc),toxic Proper- 
ties.--In  order  to  demonstrate  the  presence  of  an  endothelio- 
toxin  or  phagocytotoxin  a  comparison  may  be  made  of  the 
number of phagocytes present in the spleen and lymph glands 
after  the  injection  of  h~emolymphotoxin,  lymphotoxin,  and 
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Such  a  toxin  is  doubtless  present  in  the  h~emolymphotoxic 
serum employed for it  is  readily seen,  even when a  low-power 
objective is used,  that  the number of phagocytes present after 
the  injection of hmmolymphotoxin  is much greater than after 
the  injection  of  h~emolysin.  That  their presence, moreover,  is 
not secondary to the destruction of erythrocytes is shown by the 
fact that the number of phagocytes found after the injection of 
h~emolymphotoxin is greater absolutely than the number present 
after the injection of h~emolysin, while with hmmolymphotoxin 
the phagocytes are increased out of proportion to the number of 
red blood cells destroyed.  There is further proof that  this  ac- 
cumulation  of  phagocytes  is  not  secondary  to  destruction  of 
erythrocytes;  Warthin  (9)  has  described  similar  changes  in 
hmmolymph glands after removal of the spleen. 
It  is  probable,  therefore,  that  an  endotheliotoxin or phago- 
cytotoxin is present in the serum. 
IV.  Changes Due to Hv~molymphotoxic Properties.--Is it neces- 
sary to assume the existence of a  specific hmmolymphotoxin in 
order to explain the results obtained ? 
In  the  first  place,  there  is  produced  a  certain  amount  of 
hemolysis which is  not  due alone to  the  erythrocytes injected 
into the goose. 
One theory regarding the action of hmmolymph glands is that 
they are h~emolytic.  Such hemolysis may be explained in two 
ways:  (i)  it  is  due to  a  ferment,  secreted by phagocytes;  (2) 
the phagocytes take up and remove corpuscles bodily from the 
circulation. 
If the first hypothesis is correct, it is  evident  that in immun- 
izing the goose with  emulsions  of hmmolymph glands  this  de- 
structive action upon erythrocytes must be overcome as well as 
the  native  resistance  of the  erythrocytes themselves;  so  that, 
in the end, the goose serum would become more destructive to 
erythrocytes than if the erythrocytes contained in the emulsions 
of hmmolymph glands had been alone injected. 
The  changes which occur in  the  sheep  injected with hmmo- 
lymphotoxic serum are referable to substances produced during 
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lymphoid tissue, endothelium, etc., and to the peritoneal irrita- 
tion in the sheep due to the injection of the serum;  hence it is 
unnecessary to assume the existence of a  specific hmmolympho- 
toxin. 
V.  Heterotoxic  Properties.--The  serum  obtained  after  the in- 
jection of emulsions of hmmolymph glands into an intermedia  W 
animal is heterotoxic, for when it is injected into an animal of a 
different  species  eve  W  detail  of  the  process  is  duplicated  and 
consequently it is not specific for the primary species alone. 
CONCLUSIONS  REGARDING  H~MOLYMPHOTOXIN. 
(i)  The  toxin  produced  by  the  injection  of  emulsions  of 
h~molymph nodes from one species into an intermedia  W  animal 
is complex in composition,  having lymphotoxic,  endothdiotoxic 
or phagocytotoxic and hmmolytic properties. 
(2)  These toxins when so  obtained are heterotoxic,  affecting 
other species  besides  that  one which was  used  for the immu- 
nization of the intermedia  W  animal. 
(3)  There is no specific hmmolymphotoxin. 
(4)  The chief function of the hmmolymph glands is hmmolysis ; 
they  remove  partially  broken-down  ewthrocytes  from  the 
circulation. 
(5)  H~molysis is probably brought about by a  ferment pro- 
duced in the hmmolymph node. 
(6)  This  ferment  is  aided by  phagocytes  which remove the 
debris from the glands. 
(7)  The ferment is probably produced by the endothelium. 
(8)  In this connection it is desirable to emphasize the theory 
that hmmolymph glands have a part in the production of eosino- 
philes,  the  granules  arising  from  products  of  disintegration  of 
red cells.  Such material is taken up by mononuclear leucocytes 
the  nuclei  of  which  become  polymorphous.  In  almost  every 
experiment there has been some destruction of erythrocytes and 
there  has  been  an  increase  of  eosinophiles  in  the  blood  and 
lymphoid structures in proportion to this destruction.  Further- 
more, when, in making special stains  for eosinophiles, the cells 
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removed,  the  phagocytes  containing  particles  of  erythrocytes 
tended to hold the stain longer than either ordinary phagocytes 
or normal erythrocytes. 
After  the  preceding  conclusions  concerning  hmmolympho- 
toxin have been reached, it becomes necessary to study carefully 
by the same methods other so-called cytotoxins in order to ascer- 
tain to what extent the changes produced by them vary from 
those  already  described  and  what  degree  of  specificity  each 
possesses. 
EXPERIMENTS  WITH  :ENDOTHELIOTOXIN. 
So far as can be ascertained, no attempt has heretofore been 
made to produce a pure endotheliotoxin.  In order to  produce 
such a toxin the aortas of sheep were removed and the endothe- 
lium, under as nearly sterile conditions as possible,  was scraped 
off and made into an emulsion in sterile physiological salt solu- 
tion.  Great  care was  necessary to  avoid  the  removal of  con- 
nective tissue and the entrance of blood into the emulsion. 
The toxin produced by the  injection of this  emulsion into a 
goose  gave,  on  being  injected  into  a  sheep,  a  rather  typical 
blood picture (Table XI).  There is at first a rather sharp leuco- 
penia, followed by a  leucocytosis, reaching its summit at the end 
of about twenty hours.  The number of leucocytes then gradually 
decreases  and  again  rises,  producing  a  leucocytosis  which,  of 
greater height than the first, keeps its elevation for about twenty- 
five  hours,  the  number  then  returning  to  normal.  After  the 
so-called  "anticipatory"  leucocytosis  the  changes  in  the  total 
number of leucocytes are very closely followed by those of the 
lymphocytes, the amphophiles  after the first rise markedly de- 
creasing  and  then  very  gradually  rising  to a  level  somewhat 
above normal, to decrease again sharply. 
Changes in the number of erythrocytes are noteworthy;  from 
the  first, with  the  exception  of  a slight  rise  at  the  end  of the 
sixty-sixth hour, it gradually yet steadily decreases, falling from 
5,~6o,ooo before injection to  3,750,000  at  time of  death--a  de- 
struction of 2,4oo,ooo corpuscles or over 46%  of entire number 
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SHEEP  is.--Recelved 40 co. of serum from Goose 15 at 1.3o  P.M., April 9, I9. 
One nucleated red blood corpuscle was seen in counting five hundred cells on 
April io, at 9.3 °  P.~.  The animal was kiUed April I5,  Io.3o A.M.  At autopsy 
the entire body is an~emlc,  though fairly well nourished.  A  large amount  of 
intraperitoneal fluid is  present.  The  hmmolymph  glands  are numerous  and 
hyperplastie.  The  liver and  kidneys  are normal.  Spleen is  slightly smaller 
than  normal.  The heart  and lungs  are normal  The  bone  marrow is fairly 
red.  There is no infection. 
ttistology.--The germ centres in the hmmolymph glands are more numerous 
and larger than in any experiment heretofore examined.  Proliferation in the 
germ centres is exceedingly active.  Many large phagocytes filled with blood 
pigment or with entire red blood corpuscles are to be seen.  t~ndothelial pro- 
liferation is very marked.  Evidence of degeneration is rarely found.  Eosino- 
philes are somewhat increased in numbers. 
In the lymph glands, as well as in the h~emolymph gtands, the germ centres 
are large, numerous, and show signs of very active proliferation.  Proliferation 
of endothelium is also very marked, and large numbers  of endothelial phago- 
cytes containing blood pigment, probably hEematoidin, are to be seen.  On the 
other  hand,  degenerative changes  are  here  very numerous,  many  vesicular, 
some  vacuolar,  and  a  few  pyknotic  nucld  being  found.  Eosinophiles  are 
normal. 
The spleen is slightly smaller than normal.  The germ centres in the spleen 
are large and are the seat of active proliferation.  Endothelial cells have under- 
gone proliferation and many endothelial phagocytes containing blood pigment, 
probably in this organ also hmmatoidin, are to be seen.  Degenerative changes 
are marked. 
Proliferative changes  in the bone  marrow are widespread, every type of cell 
being involved in the process, which affects particularly the endothelium,  so 
that large endothelial calls may be seen in every stage of multiplication.  The 
myelocytes  and  erythroblasts  are  also  greatly increased  in  number.  Large 
numbers  of mature cells such as amphophiles are present. 
The liver shows a  slight fatty degeneration and the kidney a  slight amount 
of cloudy swelling. 
The results obtained  in the preceding  experiment  are important 
because  they  demonstrate  the  occurrence  of marked  changes  not 
only in the blood  but  in the blood-forrning  organs.  The  marked 
and  steady  decrease  in  the  number  of  erythrocytes  after  the 
injection  of  the  toxin  indicates  that  it  is  possible  for  the  en- 
dothelium  alone,  through  its  phagocytic  tendencies,  to  cause  a 
profound  and  perhaps  lasting  anaemia.  It  cannot,  however,  be 
maintained  that  this destruction  of erythroeytes  is due  to phago- 
cytic  action  alone,  for  the  histological  changes  will  not  justify 
such  a  statement.  It is not  improbable  that  a  large part  of it is 
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the hmmolymph glands; it destroys the erythrocytes and causes 
their removal from the circulation. 
EXPERIMENTS  WITH  HEPATOTOXIN. 
In 19oo, Delezenne (11)  obtained a  serum  antihepatique  by in- 
jecting emulsions  of  the  liver of  dogs  into  rabbits  and  ducks. 
A  strongly toxic serum causing death in doses of 4  cc.  per kilo 
of body weight was obtained.  At autopsy, the liver was yellow, 
friable, and  shrivelled, the  animal  having  apparently died with 
a  condition resembling that produced by phosphorus.  By mi- 
croscopical examination the cells were found to be markedly de- 
generated.  In certain areas the lesion was more advanced and 
the protoplasm of the  cells had in great part disappeared.  The 
blood-vessels were dilated and capillaries filled with blood sepa- 
rated  the rows  of  degenerated  hepatic  cells.  There  was  an 
infiltration  of  leucocytes  throughout  the  lobules.  When  the 
process  was  less  acute,  the  animal  lived  from  five  to  fifteen 
days,  and  marked  fatty  degeneration  of  the  liver  alone  was 
noted. 
Pearce  (i2)  produced hepatotoxins with emulsions made from 
liver tissue washed entirely free of blood and with unwashed liver. 
After injection of hepatotoxins prepared with unwashed liver he 
found no changes in the hepatic cells which could be ascribed to 
their  specific  action.  With  sera  from washed  livers  he  found 
increased granulation of the liver cells, with slight, fatty trans- 
formation.  Necrotic  areas  were found in  only one experiment 
in which a  large  dose  of strongly hmmagglutinative serum was 
employed ; he believes that these necrotic areas are due to thrombi 
formed by agglutinated red blood cells. 
In the experiment to be described  (Table XlI)  there  are  no 
characteristic changes  in  the  blood.  There is  a  sharp prelimi- 
nary leucocytosis, followed by a  step-like decrease in the number 
of leucocytes ;  subsequently there are two minor rises.  The first 
leucocytosis  is  altogether  due  to  an  increase  in  amphophiles; 
the  subsequent  leucocyt0ses  are  due ,to  an  increase  of  both 
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The eosinophiles undergo a  preliminary decrease, followed by 
a  gradual rise and fall. 
The erythrocytes exhibit rapid preliminary increase, followed 
by  a  rather  sharp  and well-marked fall,  after which there is  a 
return to normal, again followed by a  very gradual yet distinct 
decrease. 
SHEEr  i6.--Received  35 cc.  of hepatotoxic  serum  from  Goose i6 at  z  P.M., 
April  5,  I9O4.  Killed,  ii  A.M., April iI.  At autopsy the haemolymph glands 
are found  to  be  few in  number.  The spleen  is slightly smaller than normal. 
There  is  an  elevated  white  nodule,  5 x  5 x  5 ram.  on  the liver.  The liver is 
light in color and apparently contains fat.  The spleen is dark in color.  The 
other organs are normal.  There is no infection. 
Histology.--The germ  centres  in  the hmmolymph glands  are  large,  and  are 
the seat  of active though not  excessive proliferation.  There is little evidence 
of degeneration,  although some  pyknotic  and vesicular nuclei are  to  be seen. 
There  is  some  proliferation  of  endothelium.  Eosinophiles  are  decreased  in 
number. 
The lymph glands show no changes beyond a  slight increase of proliferation 
in the germ centres and endothelium, and the presence of a considerable amount 
of  blood  pigment,  probably hmmatoidin, contained  for  the  most  part  within 
endothelial phagocytes. 
The spleen is slightly smaller than normal and somewhat congested.  There 
is  increased  proliferation  both  in  the  germ  centres  and  in  the  endothelium. 
Some blood pigment is present,  but it is  entirely hmmatoidin, for no reaction 
for iron could be obtained. 
The bone marrow is almost wholly normal,  only a  slight increase of myelo- 
cytes and erythroblasts being apparent. 
The elevated white area  on the liver noted at  autopsy proved to be an en- 
cysted animal parasite.  The liver is the seat of fairly advanced fatty degenera- 
tion.  The kidney shows only a  very slight cloudy swelling. 
Changes in the blood, as before stated, are limited to the rather 
marked  haemolysis.  Although an  attempt  was  made  to  wash 
the  blood  from  the  liver before injecting  it into  the goose  it 
was impossible to remove the blood entirely, so that  haemolysis 
is probably for the most part due to this factor.  The histologi- 
cal changes are not characteristic;  changes in the blood-forming 
organs are ins{gnificant and the fatty change in the liver, while 
confirming the results obtained by Delezenne, is not so marked 
as that produced by some other cytotoxins.  Nearly every cyto- 
toxin  causes  at  least  a  slight  fatty  degeneration of  the  liver. 
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EXPERIMENTS  WITH  SPLENOTOXIN. 
Flexner  (3)  found after the injection of splenotoxin that  the 
chief  changes  were  in  the  lymph  glands  and  spleen.  In  the 
lymph glands the germ centres were large and the cells had under- 
gone degeneration, but few mitotic figures were present.  In the 
spleen  there  was  wide  distension  of  the  blood  sinuses,  slight 
general  hyperplasia  of  splenic  cells,  and  marked  evidences  of 
degeneration. 
Changes in the blood (Table  XIII)  obtained  in the following 
experiment  are  peculiar.  There  is  at  first  a  rather  rapid  rise 
and fall of the number of leucocytes, soon followed by a  slighter 
rise and fall; there  is  then  a  period of  about  fogy-eight hours 
during which the leucocytes vary but little;  a  marked increase 
in number occurs  and  is  followed by a  gradual  decrease.  The 
first increase is entirely due to an amphophile leucocytosis, there 
being at the same time the usual  lymphopenia.  The second in- 
crease is  referable to the lymphocytes, while the third is  again 
due to amphophiles. 
The eosinophiles decrease at first and then gradually rise until 
the so-called crisis occurs at the end of thiFcy-six hours. 
Changes affecting the erythrocytes are characteristic;  hmmo- 
lysis  causes  the  destruction  of  only  i5~  of  the  erythrocytes 
present in the circulating blood. 
SHEEP  ~8.--Received 30 ce. of splenotoxic  serum  from  Goose  i8  at  i  P.M., 
April I4,  I9o4.  Killed, April 2i,  1.3o  P.M. 
Au~opsy.--Hmmolymph glands  are  small  but  numerous.  The  spleen  is 
smaller than normal.  The kidneys are normal.  The liver is light in color.  The 
bone marrow is anmmic.  Moderate amount of peritoneal fluid is pr.esent.  The 
heart and lungs are normal.  There is no infection. 
Histology.--The h~emolymph glands are somewhat congested.  Germ centres 
are few in number,  and there is little proliferation  of cells except in the endo- 
thelium.  Degenerative changes  are  very numerous,  and  many  vesictflar and 
pyknotle nuclei are to be seen.  Eosinophiles are decreased in numbers. 
The  germ  centres  in  the  lymph  glands  are  sparsely  scattered,  but  those 
which are found  are large;  they show many degenerative changes,  the nuclei 
of the cells being swollen and  vacuolar. 
The  spleen  is  small.  There  is  a  slight tendency to  general hyperplasia  of 
~he  lymphadenold  tissue,  but  more  conspicuous  is  the  marked  degeneration, 
characterized  by  the  presence  of  pyknotic  and  fragmented  nuclei.  In  the 148  Changes i~  the  Blood and  Blood-Forming  Organs 
hmmolymph glands, lymph glands,  and spleen numerous  endothelial phagocytes 
are found containing blood pigment, probably hmmatoidin,  and nuclear debris. 
The bone marrow  contains  much fat,  and  few changes  from the normal are 
to be observed,  except perhaps  proliferation of endothelium. 
The liver shows  advanced  fatty degeneration,  the liver ceils being occupied 
by  large  globules  of  fat.  The  distribution  of  fat  is  fairly uniform  through- 
out  the lobules. 
The kidneys show slight cloudy swelling. 
The  changes  observed  in  this  experiment  resemble  very 
closely those  described by  Flexner.  The toxin  apparently  has 
a  specific effect upon the spleen, causing extensive degenerative 
changes;  these  changes,  however,  do  not  differ so  much from 
those produced by other toxins that we are justified in assuming 
that the difference is one of kind and not of degree.  The fatty 
degeneration of the  liver is  particularly  noteworthy  since it  is 
greater  in  extent  than  that  found after  the  injection of  hepa- 
totoxin,  and therefore makes  still more doubtful the specificity 
of that toxin. 
EXPERIMENTS  WITH  NEPHROTOXIN. 
In a  recent article by Pearce (i2) the subject of nephrotoxins 
is so carefully reviewed that it will be necessary here merely to 
describe their action upon the blood and blood-forming organs. 
Changes  in  the  number  of  leucocytes  (Table  XIV)are 
characterized  by  a  preliminary  leueopenia  which  is  of  long 
duration.  This leucopenia is followed by a well-marked rise and 
fall and later by two lesser rises.  The behavior of the leucocytes 
seems to  depend upon the lymphocytes for,  saving a  slight rise 
in the number of amphophiles during the first leucocytosis, the 
changes  of  the  total number of  leucocytes and of  lymphoeytes 
are very similar. 
The  erythrocytes  show  at  first  a  slight  increase  in  number, 
and then a gradual decrease, showing that the serum is somewhat 
h~emolytie in spite of the fact that a  large part of the red blood 
corpuscles have been washed out of the emulsion before it has 
been injected into the goose. 
SHEEP  IT.--Received 4 °  co.  of nephrotoxic  serum  from Goose  ~7 at  2 P.M., 
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Autopsy.--The haemolymph glands are dark in color.  The liver bleeds freely 
on section.  There is well-marked congestion  of  the medullary  portion  of the 
kidney.  All other organs  are normal;  there is no infection. 
Histology.--The h~emolymph glands are fairly normal, having well-developed 
germ centres,  which are the seat of active proliferation,  and are in all respects 
normal.  Endothelial phagocytes are somewhat more abundant  than normally. 
They  contain  particles  of  blood  pigment,  probably  ha~matoidin,  and  entire 
erythrocytes.  Eosinophiles  are  normal  in  number.  There  is  an  increased 
proliferation of endothelium. 
The germ  centres  in  the  lymph  glands  are large and  actively proliferating. 
In the mesenteric glands in particular there is a  considerable amount  of blood 
pigment,  probably heematoidin,  contained  ha large phagocytes.  There is con- 
siderable  proliferation  of  endothelium  shown  by  the  presence  of  large,  free, 
mononuclear  endothelial  cells,  some  of  which  are  the  phagocytes  above  de- 
scribed.  The eosinophiles are slightly increased in numbers. 
The spleen is little affected by the injection  of nephrotoxin,  and  is normal 
save for a slightly increased proliferation of the endothelium.  There is present 
a  small quantity of free blood pigment, haemosiderin. 
The bone marrow is little altered.  All the cellular elements, particularly the 
eosinophile cells, are undergoing proliferation, which is slightly more active than 
usual. 
The congestion  of the medullary part  of the kidney, noted  macroscopically, 
is  in  places  so marked  that  the  lumina  of the  tubules  are  encroached  upon. 
There are a few hyaline casts.  The cells of  the tubules furthermore show some 
cloudy swelling and desquamation,  which is most marked in the cortex, where 
some of the tubules are entirely filled with debris. 
The changes produced by nephrotoxin in the blood and blood- 
forming  organs  are  insignificant;  those  changes  which  occur, 
namely,  proliferation  in  the  germ  centres  and  proliferation  of 
the endothelium, are secondary, the one to  the peritoneal irrita- 
tion, and the other to destruction of erythrocytes. 
The  changes  in  the  kidneys,  however, are  well marked  and 
characterize the action of the serum. 
EXPERIMENTS  WITH  LYMPHOTOXIN. 
Peritoneal  irritation  following  the  injection  of  lymphotoxin 
prepared  by  the  method  already  described  is doubtless  severe 
since  there  is  a  marked  preliminary  leucopenia  (Table  XV). 
This  leucopenia  is  soon  followed  by  a  rather  pronounced  in- 
crease  in the number of leucocytes,  the bone marrow apparently 
responding to the demand upon it.  The available supply having 
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slowly yet  to a  greater  height ;  this  increase  of  the  total  number 
is  due  to  an  increase  both  of  amphophiles  and  lymphocytes. 
The  slow  response  of  the  lymphocytes  to  a  demand  upon  them 
is  evident  since  the  preliminary  lymphopenia  is  marked  and 
of  considerable  duration,  the  increase  of'  lymphocytes  being 
gradual  until  the  final  leucocytosis  which  is almost  entirely  due 
to  lymphocytosis. 
The  erythrocytes  increase  at  first  and  then  gradually  return 
to  normal.  The  eosinophiles  and  large  mononuclears  show  no 
noteworthy  change. 
SHEEP  x  i.--Received 3 °  cc. of lymphotoxic serum from Goose x i, March  25, 
x9o4,  at 2.30  P.M.  The animal was killed March 3 I, at ~o *.M. 
Autopsy.--There is  a  small amount  of peritoneal fluid.  The  hmmolymph 
glands are small and few in numbers.  The left kidney is slightly smaller than 
normal.  The  spleen  is  somewhat  small.  Lymph  glands  are numerous  and 
rather  hyperplastic.  There  is  a  considerable  amount  of  pericardial  fluid. 
Little fat is  present  throughout  the body.  The liver is normal.  There is no 
infection. 
Histology.--The hmmolymph glands are considerably congested and contain 
only a  small amount  of lymphoid tissue.  The  few  germ  centres  which  are 
present  are,  however,  large and  show  active proliferative changes.  There is 
also  considerable proliferation of  endothelium.  The  eosinophiles are  few  in 
number,  being  considerably less  abundant  than  usual.  There  is some pyk- 
nosis. 
The germ centres in the  lymph glands are  numerous and large,  showing many 
mitotic figures.  There is also evident proliferation of endothelium, and large 
numbers of endothelial phagocytes containing blood pigTnent, probably hmma- 
toidin, are present.  Evidences of degeneration are limited to the presence of 
pyknotic, vesicular,  and a few fragmented nude{;  there are no necrotic areas 
similar to those found by Bunting  (4) after  the injection of heated hmmo- 
lymphotoxie serum.  The eosinophiles are decreased in numbers. 
The spleen is somewhat  atrophic.  The germ centres are large, numerous, 
and the seat of active proliferation.  A  considerable  amount  of both extra- 
cellular and intracellular pigments is present,  and is in great part, if not en- 
tirely, h~emosiderin.  There  is  little evidence  of  degeneration.  Eosinophiles 
are decreased in number. 
The  cellular elements  of the bone  marrow  are markedly depleted.  Those 
which are present are, however, undergoing marked proliferation.  The myelo- 
eytes exhibit most active proliferation, the erythroblasts stand next in order, 
and  the  eosinophiles show  the fewest mitotic figures.  Fully-developed cells 
are few in numbers, but a few amphophiles are present. 
The  changes just  described differ markedly from  those  ob- 
tained by  Bunting,  and resemble more closely those observed Harro  Woltmann  151 
by Flexner.  They do not have a specific character, nor do they 
vary  greatly  from  the  changes  observed  after  the  injection  of 
other cytotoxins. 
SUMMARY  OF  CYTOTOKIC  EXPERIMENTS. 
Are  the  cytotoxins  specific--that  is,  do  they  individually 
produce  characteristic  changes  or  do  the  changes  which  they 
produce differ in degree alone ? 
(i)  Changes  in  the  blood  observed  in  the  preceding experi- 
ments  are  in no  instance  characteristic  and  may be  explained 
by  the  action  on  the  blood  and  blood-forming  organs,  of  the 
peritoneal  irritation  produced  by  the  injection  of  the  toxin. 
These changes do not vary sufficiently from those  obtained by 
the injection of salt solution and of normal serum to justify the 
assumption that they show, in any case, anything specific, par- 
ticularly  when  we  take  into  consideration  the  different  con- 
ditions  under  which  the  animals  may  have  been  at  time  of 
injection. 
(2)  Histologically,  certain  differences  are  evident,  but  again 
all of these are of degree and not of kind.  For instance, fatty 
degeneration of the liver was found after injection of hepatotoxin, 
but  in  almost  every case  examined there  was  slight  fatty  de- 
generation,  while  in  the  case  of  splenotoxin  the  fatty  change 
was much greater than after hepatotoxin. 
In every experiment almost the same changes were observed; 
they may be classified as follows: 
H~molymph  Glands.--Proliferation  in  the  germ  centres  and 
endothelium;  large numbers of endothelial phagocytes contain- 
ing  blood  pigment,  probably  hmmatoidin;  rather  marked  de- 
generative changes. 
Spleen.--Proliferation  in  the  germ  centres  and  endothelium; 
some phagocytes containing blood pigment and usually more or 
less free iron-containing pigment, probably hmmosiderin. 
Bone Marrow.--Proliferation  of all elements. 
Kidney.--Slight cloudy swelling. 
Liver.--Slight fatty degeneration. 
Throughout  the  entire  series  of injections these  changes  are 152  Changes in  the Blood and JBlood-Yorming Organs 
to be observed and they vary merely in degree.  All the cyto- 
toxic  sera  are  therefore  hmmolytic,  endotheliolytic,  lympho- 
toxic, myelotoxic, etc. 
When we take into consideration the severity of the changes 
which occur, the various sera may be arranged in the following 
order : 
(a)  Haemolymphotoxin, 
(b)  Splenotoxin, 
(c)  Lymphotoxin, 
(d)  Endotheliotoxin, 
(e)  Nephrotoxin, 
(])  Hepatotoxin. 
It is readily seen that the above order takes into consideration 
the amount of hmmolysis produced by each serum.  In the case 
of  the  spleen  and  the  hmmolymph glands  it  is  practically im- 
possible to remove this factor, and in making the above classifi- 
cation the other factors have been given greater importance than 
this one.  We have, then, in every case, a  serum which causes a 
certain series of changes which always vary as to degree but not 
as to kind. 
(3)  The nephrotoxin perhaps comes nearest to being specific, 
since macroscopically and  microscopically marked congestion of 
the  medullary portion  of  the  kidney  and  pronounced  cloudy 
swelling in  the  cortex were  observed.  Similar  changes  of  the 
same  severity were found with no  other serum, and it  appears 
that  the  renal  toxin  had  a  specific,  perhaps  merely irritating, 
action on the kidney itself. 
(4)  It  seems,  furthermore,  that  the heemolymph glands play 
some important part in the production of eosinophile cells, for in 
no case was there such a  marked increase of these cells as after 
the  injection of  haemolymphotoxin;  indeed,  after  most  of  the 
toxins used, the number of eosinophile cells was found decreased. 
CONCLUSIONS  REGARDING  CYTOTOXINS. 
(i)  The cytotoxins are not specific. 
(2)  The  changes  occurring  after  the  injection  of  different 
cytotoxins are similar and do not vary in kind. Harro  WoItmann  153 
(3)  The changes do, however, vary in degree in the following 
order,  the  one  having  the  most  marked  effect  being  placed 
first, etc. : 
(a)  Hmmolymphotoxin, 
(b)  Splenotoxin, 
(c)  Lymphotoxin, 
(d)  Endotheliotoxin, 
(e)  Nephrotoxin, 
(])  Hepatotoxin. 
(4)  Nephrotoxin causes the most specific change. 
(5)  The hmmolymph glands play some important part in the 
production  of  eosinophiles.  The  hmmolytic  action  of  hmmo- 
lymphotoxic serum is greater than that of other cytotoxic sera. 
(6)  The histological changes which are observed in every case 
are  secondary to the hmmolytic factor present in all cytotoxic 
sera. 
In conclusion I  wish to express my thanks to Dr.  Warthin, 
in whose laboratory  and  under whose directions these  experi- 
ments were  conducted,  for  his  aid  and  encouragement in  the 
work. 
DESCRIPTION  OF PLATES. 
PLATE IV. 
Fig. ~  .--Area of necrosis in lymph gland of Sheep 4 after injection of heated 
h~emolymphocytotoxin.  Stained with h~ematoxylin and eosin. 
Fig. 2.--Increase of eosinophile  cells in hmmolymph  gland of Sheep 3 after 
injection  of  h~emolymphocytotoxin.  Mononuclear,  polymorphonuclear,  and 
polynuclear eosinophiles are found in  the lymphadenoid tissue  of  the  haemo- 
lymph gland.  Stained with h~matoxylin and eosin. 
PLATE V. 
Fig. 3.--H~ematoidin in  lymph  gland  of  Sheep  3  after  injection of hmmo- 
lymphocytotoxic serum.  Stained with haematoxylin and eosin. 
Fig. 4.--Iron-containing pigment found in  spleen  after  injection of hmmo- 
lymphocytotoxin, demonstrated by the Prussian-blue reaction.  Counter-stained 
with borax carmine. 154  C]~anges  in  tl~e Blood  and  Blood-Forming  Orga~s 
BIBLIOGRAPHY. 
z.  Warthin.--Trans. Chicago Path. Soc.,  z9o2,  v,  ISZ. 
2.  Lewis.--]our. of Anat. and Phys.,  I9o2, xxxviii, Appendix, p. vi. 
3.  Flexner.--Univ. of Penn. Med. Bull.,  i9o2 , xv,  287. 
4.  Bunting.--Univ. of Penn. Med. Bull.,  i9o3, xvi,  200. 
5.  Muir.--Jour. of Path. and Bact.,  i90x, vii,  i6i. 
6.  Besredka.--Annales de l'Institut Pasteur,  z9oo, xiv, 39 o. 
7.  Ricketts.--Trans. Chicago Path. Soc.,  i9o2, v,  z78. 
8.  Brinckerhoff and Tyzzer.--[our.  of ivied. Research ,  i9o2,  ~iii,  449. 
9.  Warthin.--Contrib. to  2l¢ed. Research,  Dedicated  to Dr. V.  C. Vaughan, 
i9o3, p.  ~i6. 
zo.  Dayton.--Am..[our. of IVied. Sciences,  cxxx~i, 448. 
iz.  Delezenne.---Compt. Rend. de l'Acad, de Sciences,  i9oo, cxxxi, 427. 
z2.  Pearce.--Univ.  of Penn. Med.  Bull.,  ~9o3,  xvi,  2i 7. 
13.  Pearce.--Jour. of ~Vled. Research,  i9o4,  xii,  i. ~z 
o  ,~ 
oo" 




0 ~'~  ~ 
m~O  ~'~ 
o~o~  ~ 
~  0'~ 
~=.~  • 
~.~  ~ 
~o  ~  ~  O0  ~  0 
0  0  O0  ~ 
N 
ol 
~-  ~.~  4  o  ° 
o 
e~ 
~'a  ao 
0 
o 
o  % 
o  ~ 
o 
ol 
~  0 
o 
•  o 
.,~ 
.  0  "-"" 
~  ~  ~t~  ~  0 
O~  ~  ~  0 
~  '~  o 
~  ~  ~  o  o 
o 
o  o  o  ~ 
0 
0 
~  g 
~,~%~  o 
o 
0 
0  o',  ",o  o  ~  0 
o 
~  ~  0 
~'~  ~  O~  0  0  0 
•  .  ,  ,  , 
•  .  .  ,  , 
. 
155 
m  4 
cO  ~"  ~"  ~"  0  0  0 
~  ~  o  o 
'.~  ~  0 
0  ~ 
d 
0  0  0  e~ 
~  o 
~  0 
o 
0  0 
o 
o0  o 
~"  0  " 
e~ 
~  g 
og 
o 
o  ~ 
o  ~ 
d 
"4" 
d  "i 





~  o 
~4 
~o  ~o  o  o  o 
~.  ~"  0  ~  ~  0 
,  0 
0 
t~ 
~.,  ~  ~  ..~  ~  i  ° 
o  ~  ~  ~l  ~ 





~"  ~  ~  0  0 
O0  ~"  O~  oO 
',~  0  O0  .",- 
~o 
.do 
Ao  ~  4 
.o 
,d,= ~ 
O0  ~ 
•  .  .  .  . 
:~  :  : 



























~  ~o  2o 
O0  ~  0  0  0  0 
.c 
,,~o  ~,,o 
o~,0~  ~  °o 
-  E~ 









~0  O0  e~  ~  ~  0  0 
o 
~  o 
N 
oo~  ~  ~  o 
4  4  ~  co 
ot 
156 
•  .  ,  .  . 
o o 
~0  CO  ~  ~"  ~  0  0 
~"  C~  Z--  ~"  ~  CO  0 
C~  ~0  ~"  ~-  t~  0 
0 






"~  o 
o  o 
i-i 
4..  t~  ~  ~  ~- 
~.~  I  ~"  .~ 
~.~ 
~  ,~.~ 
-  o.-i 
m  "q-~o 
~., ~'~- 
~"  O0  C~  O~  0  0  0 
~  o  6 
0~ 
~o  ~o  o  o 
~:  6  o 
0 
o~  ~o  o  o 
o  o 
v,.n~  _  ~  ~-  o 
~"  0  0 
r-- 
el 




g~~  o~  ~  o° 
C~  eO  0  0 
0 






~  ~  ~n  o  c~  o  o 
0  0 
~"  ~  el  0 
0 
~0 
o  o 
~0  q 
0  o 
t~ 
C~  O~  0  ~ 
0  O~  0 
0  o 
o 
0  0 
C 
~o~Io 
o  E 
o 
0 
•  n  m  ~  o 
c~ 
t-~  u,~  u~  0  0 
0  c~  ~  ~ 
o  o  ~ 





0  0  0  0  0 
O0  O0  ~  t~  ~-~  0  0 
~  ~  o 
o 
~o 
0  0  .~ 
o  o  ~ 




~"  (~  0  oO  ~  0 [.-, 
~o~.o 
~.  ,2~  &  ~~  o 
,..4  ~  ,.,S 
2  °  i 
~4  ~o 
..~" 
e~  0 




~4  ~o 
~  o  o 
,o 
~  0 
,/ 
~4  ~o 
%o~OO~O  o 
e-i 
,g 
o  oo  ,~o~  o  o 
0  ~  0  0 
e~ 
.~o 
,4  .4 






4  ,4 
~0 
~.~ 
d  ~ 
o  o 
o 
t..,.  0 
iiill 
•  ~  : 
~  ~  . 













,~  o0i  I~,~o0  %  ~  ,~ 
~-&  ~  o  o 
~4 
~  O,  ~  0  o 
oo 
c~ 
l~&&~  ° 
,,#-  ~  oo  e~  o 
eo  eo  co 
~4 
Z  ~ 
~.~*@o~  °  o  °  o 
u~ 
o  o 
0 
o  ~ 
o 
o  ~ 
g~ 










!  !  !  !  ! 
~  i  : 
c, ~=~ 
t 
o  n2  g 
0  ~  ~ 
-~  ~o~g~ 
~-  .  ~  ~  0  2 
4o 
I',0  ~1  O0  ,'Q 
o  o 
o 
o 
o  °  o 
o  0 
o  o  ° 
0  -¢ 
H 
o 
o  o 





un  0 
o"  o" 
OoO 
o 
,o  .:~ o  ~ 
>,K  ,o 
~o~.~ 
~  ~  ~  0 
L 
























o  Oo~ o 
~  ~  ~  0 
~o  o  o 
~-  ,o  o0  o. 
~  o 
~  ~  o  ° 
o  o 
o 





o  o 
o 
0  {n 
0  0 






o  o  o 
o  o 
"0  o  '~ 
un  o 
e~  "0 
~.~ .n 
o  o  ~ 
0 
o 
~oo  .~'~ 
o  g~  ° 
~0 
....  . 
~iiii o  0 
0 





co  ~'~  o  ~ 
~o  ~o 
~"  ~  ~  0  0  0  0 
~o~  "o 











°  oo 
go 
I  ~  ~o  O 
o  o 







..  d 
~  g 
~o  ~o  o 





o  o 
o 
o 





o  rZ 
r 
d  ~ 
o 
0 
°  o- 
o 
I.~  o  .o 




~  ~.o 
~o  o 
o 
o  oo 
o 
o 
-o  o 
g 
° o°-~ 
0  ~oo-~ 
oo 
°  I 
0 
°  o- 
u~ 
°~  oO~ 
O 
oO-  i  oo 
~~oo 
:~  :  :~ 
~~,~ 
~ ~I~I ~  °o~  ~  ~.a  ~  ~ 
~  ~  ~  o  I 











o  ~~o  o 




~  u~  ~  ~  0  0 
I~  ~$~o  o 
o 




~  ~  0 
~o 
,o 
ol  i-,  ~  ffl 
~  ~  o 
i-i 
el  ~  e~ 
0  ~  ~  ~  0  o~ 
~  g 
-~o  ~  o~ 
~,  .~  ~ 
o  ol 
o~  ~o 











~~  ~  o  o 
o~ 
"o 
Z'g  oo  o  o 
r-,..  e,I  .  0 
~0 
~.io~o 
0  OI  0 
~o 
~Z%o 









~  0 
£  ~-  t 4 
4 
~J  ~  ~  ~  ~  • 
0  ~  ~D~ 
~l  ~  0  0 




~~  o  o  ~ 
~  ~  ~  o~ 
c% 
oO~o  o  o-~ 
e~  e~  ~  0  0 
o  ~-  ~  .~  o  o  o  ~ 
o  o 
o 
2 
o THE  JOURNAL OF EXPERIMENTAL  MEDICINE.  VOL. VII.  PLATE  IV. 
FIG,  I. 
FIG. 2. THE  JOURNAL OF EXPERIMENTAL  MEDICINE.  VOL. Vll.  PLATE  %'. 
FIG. 3. 
FIG. 4. 